INTRODUCTION {#sec1-1}
============

Patient-ventilator asynchrony, defined as a mismatch between patient and ventilator inspiratory and expiratory times, is a common problem that can complicate ventilatory support.\[[@ref1][@ref2]\] Asynchrony causes patient\'s discomfort and increases work of breathing and oxygen consumption.\[[@ref1]\] Asynchrony has also been found to be associated with longer duration of mechanical ventilation and lower rates of successful weaning due to wasted diaphragmatic energy expenditure.\[[@ref3][@ref4]\] Several types of patient-ventilator asynchrony exist and can be detected easily by visual inspection of flow-time and airway pressure-time waveforms of mechanically ventilated patients. Among these, ineffective triggering and double triggering being the most common types.\[[@ref3]\] Sedation is commonly used for maintaining of patient-ventilator synchrony.

There are different strategies for administration of sedation; of these, daily interruption of sedative infusion is the standard practice in our surgical intensive care unit. Daily interruption of sedation reduces the amount and duration of sedation and minimizes the adverse consequences of sedatives accumulation; including prolonged mechanical ventilation, organ system failure and high reintubation rates.\[[@ref5][@ref6]\]

Recently, Strom *et al*.\[[@ref7]\] reported that a protocol of no sedation, involving administration of intravenous morphine as bolus doses but no infusion of sedatives, significantly reduces the duration of mechanical ventilation compared with daily interruption of sedation. In a study of medical intensive care patients, Wit *et al*.\[[@ref8]\] found deeper levels of sedation to be associated with high-frequency of asynchrony particularly ineffective triggering. Extending these findings, one would expect that no sedation protocol could reduce the frequency of patient-ventilator asynchrony.

We undertook the present prospective randomized study to assess the effect of no sedation protocol compared with daily interruption of sedation on patient-ventilator asynchrony in surgical intensive care patients.

MATERIALS AND METHODS {#sec1-2}
=====================

Patients who expected to require invasive mechanical ventilation for more than 48 h on admission to the surgical intensive care were included in the study unless they were less than 18 years, in need for PEEP\>8 cm H~2~O, pregnant, ventilated through a tracheotomy, hemodynamically unstable, or underwent brain surgery. Patients with head or chest trauma, postcardiac arrest, chronic obstructive pulmonary disease (COPD), or BMI \> 35 kg/m^2^ were, also, excluded. The study was approved by our Local Ethics Committee and a written informed consent was obtained from patients' relatives.

Patients were ventilated with event ventilator (event medical Ltd, Gaiway, Ireland) using pressure assisted control ventilation (PACV). Ventilatory sittings were adjusted to obtain a tidal volume (*V~T~*) around 6-8 mL/kg, a respiratory rate (RR) \<30/min. and an I:E ratio from 1-2 to 1-3. Pressure triggering sensitivity was set between −0.5 and −1 cm H~2~O. PEEP and FIO~2~ were adjusted to maintain PaO~2~\> 90 mmHg. Patients were switched from PACV to pressure support ventilation (PSV) when they were able to trigger all breaths. Pressure support level was set to obtain a *V~T~* around 6-8 mL/kg and a RR \< 30/min. Cycling from inspiration to expiration occurred at 25% of peak inspiratory flow. Patients with PaO~2~/FIO~2~\> 150 were kept on PACV.

Patients were randomized using closed sealed opaque envelopes to receive either daily interruption of sedation (group D; control group) or no sedation protocol (group N). The ICU team was responsible for patient care, ventilator settings, and management of sedation.

During the first 24 h from the start of mechanical ventilation, all patients received continuous infusion of midazolam (1 mg/mL) to achieve a Ramsay score\[[@ref9]\] of 3-4 and IV boluses of morphine (2.5-5 mg) as needed to achieve a score of ≤ 2 on the behavioral pain scale (BPS).\[[@ref10]\] The Ramsay score and BPS were investigated every 2-3 h to adjust the midazolam infusion and check for the need of morphine, respectively. After that (1) in group D: the morphine boluses was maintained; and the midazolam infusion was stopped daily, then restarted at 50% of the previous dose when patients were awake or agitation prevented successful waking, and titrated to achieve a Ramsay score of 3-4. Patients were considered "awake" if they were able to do three of the following actions on request:\[[@ref7]\] open the eyes, follow the investigator by eyes, squeeze the hand, or stick out the tongue. (2) In group N; the midazolam infusion was stopped and they were kept on the morphine boluses only. If they were uncomfortable at any time, causes for discomfort (e.g., hypoxia, tube obstruction, inappropriate position, high machine alarms, bright lights, pain, and delirium) were investigated and treated; and they were verbally reassured as frequent as possible. Intravenous haloperidol boluses (1-5 mg) were given when delirium was suspected. If these actions failed to comfort the patients, they were sedated with propofol infusion (10 mg/mL) to achieve a Ramsay score of 3-4 for 6 h. Then, a new attempt to manage the patient without sedation was tried.

Patients were excluded from the study after enrollment if (1) they died or weaned during the study; (2) they were in need for muscle relaxants; (3) three consecutive trails of management without sedation in group N were failed due to agitation and fighting ventilator. In latter two situations, the patient was kept sedated with daily interruption of sedation.

Patients' characteristics including age, sex, weight, acute physiology, and chronic health evaluation II (APACHE II) score, sequential organ failure assessment (SOFA), total morphine dose during the period, and reasons for mechanical ventilation were recorded. After the first 24 h from the start of mechanical ventilation, each patient underwent three observation periods per day, 15 min each, separated by 6-8 h for three consecutive days. During these periods, ventilator settings were not modified; and the ventilator airway pressure-time and flow-time waveforms were captured, downloaded, enlarged, and printed for counting the following asynchrony variables:\[[@ref3]\] (1) ineffective triggering, defined as a simultaneous decrease in airway pressure and an increase in airflow without assisted cycle. (2) Double triggering, defined as two breaths separated by an expiratory time \<50% of mean inspiratory time (*T~i~*). (3) Short cycled breath, defined as a breath cycle with *T~i~* \< 50% of mean *T~i~*. (4) Long-cycled breath, defined as a breath cycle with *T~i~*\> double mean *T~i~*. (5) Asynchrony index, defined as sum of ineffectively triggered, double triggered, short-cycled, and long-cycled breaths divided by sum of triggered and ineffectively triggered breaths. Mean *T~i~* equaled the average of 30 randomly selected breaths during each observation period. The inspiratory time was measured from breath initiation to cessation of the ventilator flow.

The printed waveforms of each period were given a code number and were analyzed by two of the study investigators who were blinded to group assignment of waveforms. The average of each asynchrony variables per patient was recorded for statistical analysis.

The primary outcome endpoint of the study was the effect of each sedation strategy on the asynchrony index. Secondary endpoints included patient\'s effort during triggering, ventilatory parameters (RR, *V~T~*, peak airway pressure (*P*~aw~), mean airway pressure (*P*~mean~), plateau pressure (*P*~plat~), PEEP and pressure support), and arterial blood gases (ABGs). The values of each parameter were averaged and recorded. Patient\'s effort was assessed by (1) the Paw drop below baseline 0.1 s after initiation of patient\'s effort (*P*~0.1~) and the maximal drop of Paw during the triggering phase (*P*~tr~).\[[@ref11]\]

Statistics {#sec2-1}
----------

Sample size calculation was based on the study of Wit *et al*.\[[@ref8]\] The power of the study was estimated at 95% confidence interval and *P* = 0.05. A total 188 patients were required. We included 230 patients after calculation of a dropout rate of 15%. Results were analyzed using SPSS V.11.5. Data were expressed as mean ± SD, or number (percent) where appropriate. Unpaired student\'s *t*-test and Mann--Whitney U test were used where appropriate for comparison of quantitative data between groups. Qualitative data were assessed using Fisher\'s exact test. A *P value* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

The study included 230 patients. They were randomly assigned in a 1:1 ratio to either group D (daily interruption of sedation; *n* = 115) or group N (no sedation; *n* = 115). Nineteen patients in group D and 20 patients in group N were excluded after enrollment, leaving 96 and 95 in group D and N, respectively. Exclusion was due to death (seven (6.1%) patients in group D and four (3.5%) patients in group N); requirement for muscle relaxant in group D (12 (10.4%) patients), or failure of the no sedation protocol (16 (13.9%) patients; of them 11 (68.8%) patients required muscle relaxants). In group D, 29 (30.2%) of enrolled patients failed the first awakening trail; of them 14 (48.2%) patients failed the second trail. In group N, 29 (30.5%) of enrolled patients developed agitation and required propofol infusion (zero to two times/day). Delirium occurred in 9 (9.3%) patients in group D and 21 (22.1%) patients in group N. The total doses of haloperidol (mg/day) used for management of these patients were comparable in both groups (*P* = 0.854).

Patients in group D underwent 864 observation periods (296 (34.3%) of them while they were awake and 502 (58.1%) during PSV). While in group N, 855 recording periods were performed (131 (15.3%) of them during propofol infusion and 571 (66.7%) during PSV). The Patients' characteristics for the included patients were comparable except for the total dose of morphine during the study period that was significantly higher in group *N* (*P* = 0.011) \[[Table 1](#T1){ref-type="table"}\].

###### 

Patients' characteristics

![](AER-6-151-g001)

[Table 2](#T2){ref-type="table"} showed that daily interruption of sedation was associated with significantly higher rate of asynchrony as assessed by the asynchrony index (*P* = 0.025). Ineffective triggering and double triggering were the most common types of asynchrony. Ineffective triggering occurred in 86 (89.5%) patients (82% of asynchrony events) in group D; and 79 (83.2%) patients (64% of events) in group N. While double triggering occurred in 26 (27.1%) patients (16% of events) in group D; and 61 (64.2%) patients (34% of events) in group N. Ineffective triggering was significantly higher in daily interruption of sedation group than in no sedation group (*P* = 0.001) \[[Figure 1](#F1){ref-type="fig"}\]. On the contrary, double triggering was significantly higher in no sedation group (*P* = 0.00) \[[Figure 2](#F2){ref-type="fig"}\]. Short-cycled and long-cycled breaths were comparable in both groups (*P* = 0.376 and 0.998, respectively). Patients' effort as assessed by the *P*~0.1~ and Ptr was significantly higher in no sedation group (*P* = 0.001 and 0.005, respectively) \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. The patients' RR increased significantly in absence of sedation (*P* = 0.002). The *V~T~* and the mean *T~i~* were comparable (*P* = 0.565 and 0.157, respectively). *P*~aw~, *P*~mean~, *P*~plat~, PEEP, and pressure support values were comparable in both group (*P* = 0.348, 0.220, 0.511, 0.308, and 0.274, respectively). The PaCO~2~ decreased significantly in group N compared to group D (*P* = 0.001). PH, PaO~2~, and HCO~3~ did not show significant changes (*P* = 0.575, 0.072, and 0.915, respectively).

###### 

The studied variables
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![Flow and airway pressure waveforms in daily interruption of sedation group showing two effectively triggered breaths separated by four ineffectively triggered breaths during PSV (arrow 1) and reduced patient\'s effort (arrow 2)](AER-6-151-g003){#F1}

![Flow and airway pressure waveforms in no sedation group showing double triggering during PSV (arrow 1) and increased patient\'s effort (arrow 2)](AER-6-151-g004){#F2}

DISCUSSION {#sec1-4}
==========

Sedation is commonly used to assist in adapting critically ill patient to mechanical ventilation though evidence to support this practice is insufficient.\[[@ref8][@ref12]\] Trigger asynchrony occurred in 97% of sedated patients\[[@ref13]\] and in 10.9% of alert patients enough to provide informed consent for study participation.\[[@ref4]\] However, these studies included patients at different stages of illness. In the former study, patients were in early stages of illness while in the latter study, they were admitted to a weaning center after prolonged mechanical ventilation (3-371 days).

In this study, we examined two comparable groups of patients at similar stages of illness. We found patients received no sedation protocol had significantly lower frequency of ineffective triggering and thus lower asynchrony index than patients received daily interruption of sedation. However, no sedation protocol was associated with a higher frequency of double triggering. This is in agreement with the results of Wit *et al*.\[[@ref8]\] who studied the relationship between depth of sedation and patient-ventilator synchrony. They found "ineffective triggering increases linearly with deeper levels of sedation; for every one unit decrease in the Richmond Agitation-Sedation Scale, ineffective triggering index increased by 2.7%."

Ineffective triggering and double triggering were the most common types of patient-ventilator asynchrony in our study as reported previously.\[[@ref3][@ref8]\] Ineffective triggering occurs when patient\'s effort fails to drop airway pressure below ventilator trigger sensitivity. Therefore, ineffective triggering results mainly from improper ventilatory settings (e.g., inappropriate trigger sensitivity) or abnormal pulmonary mechanics.\[[@ref4][@ref8]\] In this study, we used a low trigger sensitivity (from −5 to −1 cmH~2~O) in both groups to exclude its effects, though proper sitting of trigger sensitivity failed to eliminate ineffective triggering in a previous trail.\[[@ref4]\]

Abnormal pulmonary mechanics cause ineffective triggering by two important mechanisms: inability to reduce the airway pressure below the level of intrinsic PEEP or inability to overcome expiratory recoil (e.g., severe muscle weakness and flail chest).\[[@ref14]\] Thille *et al*.\[[@ref3]\] investigated factors associated with patient-ventilator asynchrony during assisted mechanical ventilation in 62 critically ill patients, of them 16 (26%) had COPD. They found that an excess of pressure support and tidal volume may prolong mechanical inspiration and precipitates intrinsic PEEP due to shortening of expiratory time; and thus increases ineffective triggering. This is true in patients with COPD who already have dynamic hyperinflation and may be affected by the short expiratory time.\[[@ref2][@ref4][@ref14][@ref15]\] In this study, we did not measure the intrinsic PEEP, nevertheless high intrinsic PEEP is unlikely the cause of ineffective triggering difference as the plateau pressure, a marker of intrinsic PEEP, was comparable between groups. Moreover, we excluded patients with COPD and both groups were comparable concerning pressure support, tidal volume, mean inspiratory time and mean airway pressure.

Alternatively, we demonstrated lower *P*~0.1~ and Ptr in patients who received daily interruption of sedation. Decreases in these parameters indicate decreased respiratory drive;\[[@ref11]\] suggesting that the higher frequency of ineffective triggering in this group might result from decreased respiratory drive associated with deeper levels of sedation. Our results support those of Grasso *et al*.,\[[@ref16]\] who found inspiratory muscle effort decreases incrementally with deep levels of sedation. On the other hand, patients received no sedation experienced a higher frequency of double triggering. These patients showed higher *P*~0.1~ and Ptr, higher respiratory rate and lower PaCO~2~; suggesting that they had a higher respiratory drive. This is in consistent with the previous studies related double triggering to the greater drive to breathe.\[[@ref3][@ref17]\]

Patient-ventilator asynchrony increases respiratory work that contributes to respiratory muscle injury or fatigue and delays weaning.\[[@ref1][@ref18]\] Moreover, asynchrony may introduce a bias during recording of respiratory rate.\[[@ref4][@ref8]\] The ventilator will not record ineffectively triggered breaths, while double triggered breaths falsely increase the respiratory rate. This bias can affect decisions concerned with ventilator sitting and weaning tolerance.

In this study, we observed that the morphine dose was higher in no sedation group; probably because of synergism between benzodiazepine and morphine that reduced its dose in daily interruption of the sedation group.\[[@ref5]\] Morphine has sedative effect, and therefore no sedation group patients received some sedation. However, the morphine dose was considerably low to affect their respiratory drive.

The incidences of agitation and delirium were slightly higher in no sedation group than in daily interruption of sedation group emphasizing the importance of more frequent assessment for anxiety, agitation, and adaptation to ventilator during no sedation protocol.

Our study limited by being unblinded because of its practical nature. However, we tried to minimize this problem by masking the group assignment of the printed airway pressure and flow waveforms during their analysis. Second, we assessed patients during two modes of mechanical ventilation. Thille *et al*.\[[@ref3]\] showed that PSV may reduce the incidence of double triggering than ACV because of the partial dependency of the inspiratory time on the patient\'s ventilatory demand during PSV, while it is preset on the ventilator during ACV. In addition, the inspiratory time during PSV tend to be longer than the patient\'s neural inspiratory time.\[[@ref19]\] On the contrary, Varon *et al*.\[[@ref13]\] reported no association between trigger asynchrony and ventilator mode. Lastly, we focused on major pattern of asynchrony that can be easily detected by analyzing the flow and airway pressure waveforms. Consequently, we missed other asynchronies such as expiratory asynchrony. However, the previous studies\[[@ref3][@ref4][@ref20]\] support the reliability of noninvasive asynchrony detection based on analysis of the flow and airway pressure waveforms. Concerning expiratory asynchrony, it is surprising to see perfect expiratory synchrony between patient and ventilator and it can be an important problem in obstructive patients who were excluded from the study.\[[@ref21]\]

In conclusion, we found no sedation protocol associated with lower asynchrony index in surgical intensive care patients as it preserves the patient\'s effort during triggering. Nevertheless, in view of the study limitations, further studies including different groups of patients using different modes of ventilation and invasive methods for detection of patient-ventilator asynchrony are required to study this promising finding extensively.
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